We studied 16 hips (eight cadaver specimens) using arthrography, arthroscopy and anatomical dissection, under incremental traction of up to a maximum of 64 kg, to determine the relationship of the portals to nearby neurovascular structures.
We studied 16 hips (eight cadaver specimens) using arthrography, arthroscopy and anatomical dissection, under incremental traction of up to a maximum of 64 kg, to determine the relationship of the portals to nearby neurovascular structures.
The distance of each arthroscopic portal (anterior, anterolateral, and posterolateral) to the associated neurovascular structures was measured after the application of 23 kg of traction.
Traction of up to 64 kg on the lower limb failed to produce evidence of labral or capsular injury. Furthermore, traction of 23 kg resulted in little change in the position of adjacent neurovascular structures relative to the standard arthroscopic portals.
Reports of the use of arthroscopy in the diagnosis and management of inflammatory, degenerative, and traumatic conditions of the hip have increased in the last decade. [1] [2] [3] [4] [5] [6] [7] [8] The complications associated with the procedure include injury to the sciatic, lateral femoral cutaneous and pudendal nerves, and potential injury to the acetabular labrum.
9-11 A longitudinal force of at least 20 kg may be required to obtain a good view of the joint.
10,12 Dorfmann and Boyer 13 noted that this amount of traction may fix and lateralise the neurovascular structures thus making them more susceptible to injury. However, the effects of traction on the integrity of the joint capsule, the acetabular labrum and the ligamentum teres, remain unknown.
We studied the neurovascular structures relative to the three standard arthroscopic portals in order to determine the effect of traction on their spatial relationship, and to examine the effect of increasing traction on the capsule of the hip, the acetabular labrum and the ligamentum teres.
Methods and Materials
We used ten fresh frozen cadavers, with a mean body-weight of 72 kg (54 to 99). All were removed from refrigeration 13 hours before use, and the experiments were carried out at room temperature.
The cadavers were placed in the supine position on a radiolucent fracture table with a padded perineal post. Steinmann pins of 4.4 mm in width were placed through each distal femur, and traction bows were fixed to the pins (Fig. 1) . A spring scale was placed directly in line with the traction bow and a force of 12 kg was applied. Iodinated contrast arthrography was performed through a medial approach to the hip in order to examine the integrity of the capsule and to confirm the absence of a radiographically apparent lesion of the labrum. Frank labral tears were seen in two specimens and these were therefore excluded from further tests. In the remaining eight cadavers (16 hips), a distracting force was applied to the lower limb in increments of 2 kg to a maximum of 64 kg. After each increment, radiography was carried out to ascertain if there was damage to the capsule or labrum. After the application of traction of 64 kg this was reduced to 23 kg and arthroscopy was carried out using the anterior, anterolateral and posterolateral portals as described by Byrd, Pappas and Pedley.
14 The capsule, the labrum and the ligamentum teres were examined for evidence of damage.
The anterolateral portal was placed at the anterolateral corner of the greater trochanter and directed parallel to the femoral neck at the lateral margin of the capsule (Fig. 1) . The anterior portal was made at the intersection of a sagittal line drawn distally from the anterosuperior iliac spine and a perpendicular line drawn across the superior margin of the greater trochanter. The portal was then directed 45˚ cephalad and towards the midline. The posterolateral portal was placed at the posterolateral corner of the greater trochanter and passed parallel to the femoral neck into the posterior margin of the lateral capsule. The skin was incised with a No. 11 blade. A spinal needle was inserted and a wire was passed through it. The spinal needle was then retracted and removed over the wire. A blunt 5.0 mm cannulated trocar/sheath assembly (Dyonics, Andover, Massachusetts) was passed over the wire (Fig. 1) which was then removed. The location of the needle for the anterior and posterolateral portals was confirmed through the arthroscope introduced from the anterolateral portal, before placement of the blunt trocars. Arthroscopic cameras (30E and 70E; Dyonics) were used to verify the integrity of the capsule, the labrum and the ligamentum teres.
After the arthroscopic examination, Steinmann pins were placed through the arthroscopic sheaths to maintain their intra-articular positions. The hip was then dissected and the lateral femoral cutaneous nerve, the lateral femoral circumflex artery, the sciatic nerve, the superior gluteal artery and nerve, and the femoral artery and nerve were identified. The position of the arthroscopic portals in relation to these neurovascular structures was measured, under 3.5 loupe magnification to the nearest 0.1 mm, using calipers. Measurements were made of the distance between any branch of the lateral femoral cutaneous nerve and the anterolateral portal. Then, the distraction of 23 kg was released, and the measurements were repeated without traction.
Finally, the capsule of the hip was defined and its integrity confirmed visually. The joint was opened and the labrum was inspected. Small pieces (1.0 cm x 1.5 cm) were taken from the labrum and the anterior, anterolateral, and posterior aspects of the capsule for histological study. The sections were stained with haematoxylin and eosin and examined for the presence or absence of microscopic tears. Statistical analysis. This was performed using paired Student's t-test and a two-way analysis of variance (ANOVA). Coronal section through the anterior cannula as it passes through sartorius, rectus femoris, and away from the lateral femoral circumflex vessels. Fig. 3 Coronal section through the posterolateral portal as it passes beneath the edge of the acetabular labrum. This portal passes through gluteus maximus and gluteus medius.
Results
Relationship of portals to the neurovascular structures without traction Anterior portals (Fig. 2) . The trocar passed through the lateral aspect of sartorius and rectus femoris. The portal was located at a mean distance of 5.0 mm (0 to 28) from the lateral femoral cutaneous nerve, 24 mm (5 to 48) from the femoral nerve and 39 mm (15 to 80) from the femoral artery. Posterolateral portal. The trocar passed posterior to the distal margin of the greater trochanter through gluteus medius and minimus, anterior to the tendon of piriformis and the sciatic nerve (Fig. 3) . The portal was located at a mean distance of 19 mm (16 to 22) from the ascending branch of the lateral femoral circumflex artery, 40 mm (16 to 70) from the sciatic nerve and 36 mm (6 to 85) from the superior gluteal artery. Anterolateral portal (Fig. 4) . The trocar passed through the tensor fascia lata and gluteus medius before entering the lateral margin of the capsule. This portal was located at a mean distance of 56 mm (46 to 78) from the lateral femoral cutaneous nerve at its closest point.
Effect of traction (23 kg) on the portals and neurovascular
structures. The addition of traction of 23 kg had little effect on the spatial relationship of the neurovascular structures and their respective portals. With this amount of traction, the mean distance between the anterior portal and the lateral femoral cutaneous nerve was found to be 4.78 mm (0 to 25). This means that the lateral femoral cutaneous nerve moved a mean distance of 0.22 mm (0 to 3) closer to the anterior portal. The femoral nerve moved a mean of 6.4 mm further from the anterior portal. In addition, traction increased the mean distance of the posterolateral portal from the sciatic nerve by 3 mm, from a mean of 40 mm to 43 mm.
When the traction force was increased by increments of 2 kg to 64 kg, there was no evidence of damage to the capsule, the labrum or the ligamentum teres as shown by arthrography or arthroscopy. Nor did further anatomical dissection reveal macroscopic evidence of such damage. Histological examination showed no signs of damage to the anterior, posterior or lateral capsule or to the lateral labrum.
Discussion
In 1931, Burman 15 wrote of the difficulty in visualising the convex surface of the femoral head arthroscopically, stating that "It is manifestly impossible to insert a needle between the head of the femur and the acetabulum". Because of the bony constraints of the hip, heavy traction has been used to facilitate access. 3, 5, 6, 8, [16] [17] [18] The magnitude of the force required to provide sufficient distraction has been reported as being between 300 and 900 N in an anaesthetised patient. 17 Byrd et al 14 described a vacuum phenomenon which occurs after the initial application of traction and further separation of the joint often occurs after cannulation which breaks the seal.
The role of traction in the development of neurovascular injury during arthroscopy of the hip has been discussed by several authors.
5,10,11 Both Rodeo et al 11 and Byrd et al 14 found that femoral traction could result in displacement of neurovascular structures. That which was considered to be at most risk of direct injury was the lateral femoral cutaneous nerve which has a few branches located over the sartorial fascia. The application of traction brought the anterior portal closer to the lateral femoral cutaneous nerve by 0.22 mm, which is not significant (p > 0.05).
The other structure at risk from the anterior portal is the femoral nerve. Rodeo et al 11 stated that traction may lateralise this nerve and place it in greater danger. However, according to our study, traction produced a significant increase in the safe distance between the portal and the nerve. The nerve lay at a mean distance of 30.4 mm from the anterior portal, with 23 kg of traction and 24 mm without traction. In our study, the distance of the posterior portal from the sciatic nerve increased with traction from a mean of 40 mm to a mean of 43 mm. Traction may cause neurapraxia because of direct injury to the myelin sheath, but our study did not address this issue, nor were we able to ascertain the contribution of traction to injury to the pudendal nerve against the perineal post, or neurapraxia secondary to ischaemic compression.
The natural history, diagnosis and management of lesions of the acetabular labrum remain obscure. Coronal section taken after placement of a cannula in the anterolateral portal. The plane of the section passes trough the tensor fascia lata and gluteus medius as it passes under the acetabular labrum.
THE JOURNAL OF BONE AND JOINT SURGERY Fitzgerald 9 documented 25 labral tears in 55 patients who had no precipitating trauma to the hip. Hase and Ueo 19 found labral tears in ten patients only three of whom reported minor trauma; the remaining seven could recall no precipitating event. While the labrum may be vulnerable to relatively minor trauma, as these authors have suggested, our findings did not demonstrate injury from longitudinal distraction of the hip on the fracture table.
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